Abstract-This paper describes the early development of autonomous vehicle for undersea exploration at depths of as much 1000 m. It is to combine several methods of propulsion, including wheels and legs.
INTRODUCTION
The goal of this project concluded jointly by University of Southern Queensland and City University of Hong Kong is to provide oceanographers and marine biologists with a costeffective submersible platform purely for seabed research that is going to allow them routine access down to 1000m. It must be easily transportable and deployable from various vessels, without the need for large numbers of specially trained personnel. The autonomous vehicle will be able to navigate and explore the sea bottom over a period of time (~ 10 days) and relay information back to scientists on the surface. This paper is a feasibility study in building a multi-drive robot, however the vehicle for testing the actuation part is already being built. The design of and the integration of the different drive systems together with the design of the complex buoyancy system that would be required to support this system all present an interesting engineering challenge, with navigation and communication systems being an added challenge. A further consideration is the establishment of the criteria involved with choosing the most efficient method of propulsion when the platform is moving in any given terrain. For example on gently down sloping sandy seabed, wheels would be the best choice with the unit simply rolling down on wheels. For rocky terrain or places of interest that are hard to reach, 6 spider-like hydraulic legs are probably the best choice. Swimming under thruster control is probably the best way to move up or down undersea walls. There is also the possibility of specific movements via the combination of propulsion systems, for example wheel drive and thrusters to move up steep sandy areas.
II. BACKGROUND
The deep-sea bottom presents a formidable challenge for any research submersible due to difficulties in exact positioning, control and power demands on the unit. With the tethered units the cables usually supply the power and telemetry. That comes with great cost to the area in which the submersible can operate, as classic steel-reinforced cables are self-supported only to length of 7000m, and while cables from alternative materials can be longer, they require special handling capabilities. Fiber optic cables are able to provide high bandwidth, but the cable presents danger of being snagged on the seabed. The other potential downside of mobile tethered units is that they require a dedicated vessel and large amount of people to operate it, all of which drives the costs out of reach for most of the research budgets. At this point there is no commercially available self-propelled ROV or AUV that is dedicated to close-up research of the seabed.
III. VEHICLE DESIGN OVERVIEW
Marine biologists at Hoi Ha Wan Marine Science Laboratory were polled to provide the list of requirements they needed from the AUV. Technical details were added to provide the AUV could be used as platform for multidisciplinary research. The basic requirements are defined in Table 1 . The poll has shown that the actual ability to navigate rough terrain and be able to reach areas that would otherwise be nearly impossible is more important to the actual speed with which the AUV can cover the ground. Thus developing stable and robust platform that can move through sandy bottom on wheels and walk over the rocks was the primary objective for this project.
A. Wheels
Crawlers and wheeled application have long since proven themselves in planetary exploration, most recently in Mars missions, yet for ocean sciences there are still large number of technical problems that have to be solved before their widespread use [15] . There is still not enough research done on which system is more effective, and there has been very little actual experience and testing done with crawlers in ocean environment. Most of the previous research on wheeled seafloor vehicles has focused on caterpillar systems, which are mostly used for heavy applications such as laying oil pipes and cables. Caterpillar approach does give superior traction capabilities, however it requires significant power banks and heavily disturbs the substrata, which is not acceptable for this mission profile.
The preliminary research has shown that 6-wheels are minimal for maneuverability and stability of the unit and with small, 2W motors in each wheel will provide enough power and control to drive the AUV in the flat areas and up to 30 degree slopes. This machine has a wheeled system with two options; freewheeling for downhill portions and power drive for the flatter portions where power and traction are needed. This way, minimal amount of power would be needed to drive the ROV across the seabed while still being able to observe and, if necessary to collect samples. The research has shown that the some of the substrata in the sloped and bottom area in Ligitan are mostly various kinds of sand with rocky outcrops, and our teams own preliminary underwater tests in Hoi Ha Wan, Hong Kong, have shown that a simple 6-wheeled robot can navigate the sand with low impact to the substrata and without getting bogged down. However, more testing needs to be done to allow for different types of loose sand and effectiveness of the drive train. 
B. Legs
When faced by rough or rocky, terrain, most of the ROV/AUVs have to "glide" over it, only being to land if there is sufficient and safe space in the terrain. We are proposing for the AUV to walk over the rock with crablike legs, thus having opportunity to observe and explore "nooks and crannies" where conventional robots cannot go. By far the most challenging task for this robot is the mechanics of the legs, as the kind of substrata the robot is going to encounter on the bottom is still unknown. The gaits must be developed for the robot to deal with various type of sand (i.e. soft, compact) and shape and size of rocks. To find an effective way of walking underwater, we looked at underwater walking arthropods, such as lobsters and crabs. These animals have walked on the ocean bottom for millennia and have developed robust system for walking and adapting to the surge [2] . Preliminary research has shown the hexapod setup provides enough stability and efficiency for intended tasks [8] . As opposed to the land-based walkers, the weight of the unit in the water is not an issue, since buoyancy system can adjust the mass as required. The mechanical model for the legs is still in process of being researched since there is little is known about the effects of hydrodynamic forces on aquatic walking [9] . More extensive testing is also needed to determine the most efficient gaits for navigating the sandy substrata and rock formations in oceanic environment. Because the robot must maintain contact with the ground at all times to propel itself forward, the hydrodynamic forces might also constrain the gaits. From previous research it is known that 3 degrees of freedom on legs are minimum requirement for robust locomotion on unknown terrains [7] .
One of the problems is how to deal with strong currents on the seafloor. The sprawled posture of walking legs increases stability in the rolling plane, reducing the chance of it being overturned. The lobsters adjust their posture to counter the currents [10] , and their technique is worth exploring and adjusting for mechanical robots.
To enhance the traction on the legs small grappling hooks will be installed to dig into the substrata if needed. Another option to counter the currents is to simply lower the body and spread the legs (bring the center of gravity as low to the ground) which provides the negative lift and increases stability. Previous research at Hong Kong City University has shown that it is possible to use pneumatic muscle as hydraulic muscle whilst using surrounding water as a driving medium, with the force-to-weight ratio being even higher than when using air as a medium, producing over 500N of power at 3 bar [6] .
C.Thrusters
Set of two thrusters is mounted to the back platform for additional vertical and lateral control. The primary function for the thrusters is to propel the robot over obstacles too large to scale otherwise or to descent from underwater cliffs. Simple gimbaled propellers enable the vertical or horizontal "takeoff", enabling either scaling or swimming for shorter distances. At this stage of design, two 3-bladed propellers with permanent magnet motor can be used. The gear ratios still need to be determined to minimize the weight and maximize the efficiency of the thruster package, as does the exact size and pitch of the propellers.
VI. CONCLUSION
Marine biologists do need a ROV/ AUV specifically for deepsea bottom research that will be able to navigate any given terrain traverse the seabed for as much time as possible. The multi-propulsion approach to underwater AUVs gives them a larger and more varied mission profiles, and access to many, largely unexplored, areas of ocean floor.
